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FOREWORD

The California Department of Transportation (Caltrans) is committed to using ramp metering as
an effective traffic management strategy. Ramp metering is an integral part of the Caltrans
Transportation Management System Master Plan (February 2004), which outlines strategies to
reduce congestion and increase safety on California's State Highway System. Ramp metering is
used to maintain an efficient freeway system and protect the investment made in freeways by
keeping them operating at or near capacity. Proposed projects within freeway segments that have
existing or proposed ramp meters listed in the latest version of the Caltrans Ramp Metering
Development Plan (RMDP) shall include provisions for ramp metering. Projects designed for
new or existing freeway segments without ramp meters, but experiencing recurring traffic
congestion and/or having a high frequency of vehicle collisions may consider adding ramp
meters. Caltrans Deputy Directive 35-R1 (Appendix A) contains the statewide policy for ramp
metering and delegates responsibilities for implementation. It is the responsibility of the Project
Engineer to allow appropriate lead time to include ramp metering in projects.

The Ramp Metering Design Manual (RMDM) was prepared by Caltrans Division of Traffic
Operations and Design in collaboration with the California Highway Patrol (CHP). The RMDM
is a comprehensive document covering Caltrans’ ramp metering policies, design standards, and
practices for new or existing ramp meter installations. The RMDM shall be used when planning
and designing ramp meters, and is not intended to address operational topics.

The RMDM supplements the Highway Design Manual (HDM), California Manual on Uniform
Traffic Control Devices (CA MUTCD), Caltrans Standard Plans, Caltrans Standard
Specifications, Caltrans Standard Special Provisions, and other Caltrans design policies. The
RMDM is not a textbook or a substitute for engineering knowledge, experience, or judgment.
The use of this manual does not create any standard of conduct or duty toward the public. The
standards found in this manual are the minimum standards and should not preclude sound
engineering judgment based on experience and knowledge of the local conditions. Design
variations may be necessary on a location-by-location basis as conditions and experience warrant.
However, significant design variations from the RMDM are subject to approval from the Caltrans
Headquarters (HQ) Traffic Operations Liaison and Caltrans HQ Project Delivery Coordinator.
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STANDARDS, PROCEDURES, AND POLICIES

The nomenclature used for ramp metering standards and procedural requirements in the RMDM
are discussed below. Specific to the RMDM is the nomenclature used for ramp metering policies.
The RMDM is also applicable when planning and designing freeway-to-freeway connector
meters. Unless noted otherwise, the policies and standards for freeway-to-freeway connector
metering are the same as ramp metering, per Caltrans Deputy Directive 35-R1.

Ramp Metering Design Standards

Ramp metering design standards are contained in both the HDM and RMDM. Designers need to
refer to the HDM for all geometric-related design standards that apply to ramp metering. Any
deviations from geometric-related design standards need to be approved in accordance with HDM
Index 82.2 and the Project Development Procedures Manual (PDPM) Chapter 21. For traffic-
related design standards, such as the number of lanes, storage length, and advance warning
devices, the Project Engineer needs to refer to the RMDM. Any deviation from the traffic-related
standards requires review and concurrence by the Caltrans Deputy District Director of Traffic
Operations, Headquarters Traffic Operations Liaison, or the District Traffic Operations Branch
responsible for ramp metering as specified in the RMDM. These deviations must be documented
in the project file with supporting documentation.

Procedural Requirements
Procedural requirements are required courses of action to follow and are printed in italics.
Ramp Metering Policies

The ramp metering policies are developed to ensure statewide consistency in ramp metering
designs and operations. The policies are indicated usingand placed in a separate
paragraph for added emphasis. Deviation from these policies requires the preparation of an
“Exception(s) to Ramp Metering Policy Fact Sheet” (Appendix B). Concurrence with the
proposed deviations from these policies shall be obtained from the Caltrans Headquarters Traffic
Operations Liaison or the designated representative as early as possible in the project
development process. An Exception(s) to Ramp Metering Policy Fact Sheet requires approval of
the Caltrans Deputy District Director of Traffic Operations.
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CHAPTER 1
METERED ENTRANCE
RAMPS AND CONNECTORS

1.1 Introduction

Caltrans Deputy Directive 35-R1 contains the
statewide policy for ramp metering and delegates
responsibilities for implementation. Proposed
projects within freeway segments that have
existing or proposed ramp meters listed in the
latest version of Caltrans Ramp Metering
Development Plan (RMDP) shall include
provisions for ramp metering. Projects designed
for new or existing freeway segments without
ramp meters, but experiencing recurring traffic
congestion and/or having a high frequency of
vehicle collisions may consider adding ramp
meters.

Geometric design of metered entrance ramps must
comply with the standards contained in Caltrans
Highway Design Manual (HDM). Design of new
entrance ramps is typically based on the projected
peak-hour traffic volume 20 years after completion
of construction, except as stated in the HDM Index
103.2. As with all highway projects, the safety
and mobility needs of travelers of all ages and
abilities must be addressed in a manner consistent
with Caltrans Deputy Directive 64-R2, Complete
Streets.

The entrance to a metered entrance ramp should
accommodate the crossing of non-motorized
traffic (i.e., pedestrians and bicyclists), especially
when the entrance ramp is located near schools or
a local roadway facility with a designated bicycle
lane or route. Non-motorized traffic crossings
may be marked or unmarked. Sight distance
should be considered in the placement of the non-
motorized traffic crossing. Refer to the HDM
Topic 201 for sight distance guidance.

Designers need to refer to the HDM for all
geometric-related design standards that apply to
ramp metering. Any deviations from geometric
related design standards need to be approved in
accordance with HDM Index 82.2 and the Project
Development Procedures Manual (PDPM)
Chapter 21.

1.2 Number of Metered Entrance Ramp
Lanes

For a typical one vehicle per green operation, a
ramp meter has practical lower and upper output
limits of 240 and 900 vehicles per hour (VPH) per
lane, respectively. Ramp metering signals set for
flow rates outside this range tend to have high
violation rates and cannot effectively control
traffic. Therefore, a minimum of one metered lane
must be provided for every 900 VPH of traffic
demand. However, two General Purpose (GP)
lanes may be considered to increase queue storage
within the available ramp length when entrance
ramp peak hour volumes exceed 500 VPH. See
section 1.4 Queue Storage Length Design.

The number of metered lanes at an entrance ramp
is determined from the number of lanes at the limit
line. It includes the number of both metered
general purpose (GP) and high-occupancy vehicle
(HOV) preferential lanes. The minimum number
of metered GP lanes is determined based on GP
traffic demand. The number of metered HOV
preferential lanes is determined based on HOV
demand using the same guidelines as GP traffic
demand, as well as the HOV preferential lane
policy.

HOV preferential lanes shall be provided wherever
ramp meters are installed, and each HOV
preferential lane should be metered.

Ramp Metering design exception approval must be
obtained prior to district approval of any project
initiation documents such as Project Study Reports
(PSR), Project Scope Summary Reports (PSSR),
Permit Engineering Evaluation Reports (PEER), or
combined PSR and Project Reports (PR). See
Appendix A for Deputy Directive 35-R1. See
Appendix B for Exception(s) to Ramp Metering
Policy Fact Sheet. See Appendix C for a ramp
metering design checklist.

For new or reconstructed metered entrance ramps,
the minimum number and type of entrance ramp
lanes as specified in Table 1-1 shall be provided.
When truck demand accounts for more than five
percent of the GP traffic demand, truck volume
must be converted to passenger-car equivalents
before using Table 1-1.
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Table 1-1 Minimum Number and Type of
Entrance Ramp Lanes (for a typical one vehicle
per green operation)

Peak Hour | Minimum Ilustration

GP Lane Number of

Volume, Entrance Ramp

VPH Lanes
<900 | 1GP+1HOV® | Fig -1 12,

and 1-5
>900 o | Fig. 1-3,
but <1,800 | 2 P+ THOVE 1) 4o and 1-6

>1,800 | 3 GP + 1 HOV® | @

(D Increase the number of HOV lanes based on
HOV demand.

@ Obtain concurrence of the Caltrans
Headquarters Traffic Operations Liaison for
three-lane loop or four-lane entrance ramps.

See figures 1-1 and 1-2 for the typical two-lane
metered entrance ramp designs (one GP lane and
one HOV preferential lane). See figures 1-3 and
1-4 for the typical three-lane metered entrance
ramp designs (two GP lanes and one HOV
preferential lane).

Any proposed three-lane loop or four-lane
entrance ramp requires the review and
concurrence of the Caltrans Headquarters Traffic
Operations Liaison and approval by Deputy
District Director of Traffic Operations.

1.3 Lane Width and Shoulder Width

For metered entrance ramps and connectors, lane
width and shoulder width shall be designed
according to the requirements as specified in
HDM Chapter 300 and Chapter 500.

1.4 Queue Storage Length Design

Storage length is an integral part of a metered
entrance ramp. It provides a place upstream of the
limit line for queued vehicles during metering
operations. To keep the connected local roadways
free from the adverse impacts of the entrance ramp
queue overspill, adequate storage length should be
provided to contain the entrance ramp queue
within the entrance ramp. A metered entrance

ramp may have to be widened or lengthened in
order to provide adequate storage length.

For existing entrance ramps, the adequacy of
entrance ramp storage length can be evaluated
using the existing peak period 5, 6, or 15 minute
arrival rates and the existing or anticipated ramp
meter discharge rates. See Appendix D for a
detailed description of the Arrival-Discharge Chart
method. The arrival-discharge chart method is not
to be used for storage design of new or
reconstructed entrance ramps.

For a new or reconstructed entrance ramp, the
minimum storage length should be designed based
on seven percent (7%) of the peak hour demand
for the design year. The storage length for the GP
and HOV lanes is calculated separately based on
the respective peak hour traffic demand. The GP
lane demand is the total entrance ramp peak hour
demand minus the HOV demand. The HOV
demand may vary widely; thus current and
project-specific HOV demand information is
necessary.

The observed average vehicle spacing for each
queued vehicle at a metered entrance ramp is 29
feet, measured from front of one vehicle to the
front of the next vehicle. Greater average vehicle
spacing should be considered for metered entrance
ramps on long and substantial downgrades, or
metered entrance ramps that serve a significant
percentage of trucks, buses, or recreational
vehicles.

For example, the calculation below determines the
minimum storage length for each GP lane at a
metered entrance ramp with two GP lanes and one
HOV preferential lane when the total peak hour
traffic demand is 1,200 VPH and 15 percent HOV
traffic. In the calculation, the two GP lanes are
assumed to be used equally by traffic. A
minimum storage length of 1,035 feet is needed
for each GP lane.

100% — 15% HOV volume = 85% GP volume
7% % (1,200 veh) x (85% GP vol) x (29 Y/ )

2 GP lanes
mimimum GP storage length = 1,035 ft/]ane
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The minimum storage length necessary for the
HOV preferential lane can be calculated using the
same method to attain a value of 365 feet.

7% x (1,200 veh) x (15% HOV vol) x (29 ft/_ )

1 HOV lane
mimimum HOV storage length = 365 ft/lane

The HOV preferential lane should be designed to
match the length of the adjacent GP lane(s). This
allows HOV traffic earlier access to the HOV lane
without queuing in the GP lane(s).

Local streets in the vicinity of a metered entrance
ramp may be improved to provide more queue
storage when the traffic demand exceeds available
storage length at the entrance ramp. Local street
improvements may include widening or
lengthening existing roadways or intersections to
provide additional storage capacity for the
appropriate movements. Adjusting the signal
timing at upstream intersections that direct traffic
to the entrance ramp also helps to mitigate arrivals
of platoons. These improvements require
coordination with local agencies to be consistent
with the regional traffic operations strategies. The
ideal strategy would be a system-wide adaptive
ramp metering system that coordinates with local
roadway signal systems.

It is the responsibility of the ramp metering project
engineer to mitigate the initial as well as future
impacts of ramp metering on local roadways. It is
the responsibility of the developers and/or local
agencies to mitigate the impacts on existing ramp
metering operations as a result of local
development and/or local agency roadway
improvement projects.

Storage length design requires the review and
concurrence of the Caltrans District Traffic
Operations Branch responsible for ramp metering.

1.5 Ramp Metering Deceleration Distance

In addition to queue storage length, the vehicle
deceleration distance to the back of traffic queues
should also be a part of the length of a metered
entrance ramp upstream from the queue storage
length. The ramp metering deceleration distance
is the stopping distance required for the

approaching traffic to decelerate and stop clear of
the back of traffic queues in a controlled manner.
Use the design speed of the entrance ramp or the
connecting roadways as the approaching speed to
the back of queue. Refer to HDM Topic 201 for
more information on how to determine stopping
sight distance.

1.6 Ramp Metering Acceleration Distance

The ramp metering acceleration distance is the
distance downstream from the limit line that
vehicles need to accelerate to reach the merging
speed. It may include the lane-drop taper and
auxiliary lane length up to the beginning of the
merging taper. A minimum of a 300 feet long
auxiliary lane shall be provided beyond the ramp
convergence point. Metered vehicles start to
accelerate from a stopped position at the limit line.
As specified in Chapter 10, “Grade Separations
and Interchanges,” of AASHTO’s 2011 A Policy
on Geometric Design of Highways and Streets, the
entrance ramp traffic merging speed should be
within 5 mph of the freeway mainline operating
speed. The acceleration value used should be
commensurate with the selected design vehicles.
Specifically, Exhibit 10-70 of the AASHTO’s
2011 A Policy on Geometric Design of Highways
and Streets specifies the minimum acceleration
lengths for entrance terminals with grades of two
percent or less, while Exhibit 10-71 provides
speed change lane adjustment factors as a function
of grade. Refer to Chapter 500 of the HDM for
detailed geometric design guidance related to lane-
drop taper, auxiliary lane, and merging taper.

1.7 Limit Line Location

The limit line is where metered vehicles stop and
wait for the metering signal cycle before
accelerating to merging speed. At metered
entrance ramps, the limit line separates the ramp’s
upstream segment, which includes the queue
storage length and the deceleration distance, from
the downstream segment, which includes the
acceleration distance and the merging taper. The
location of the limit line should maximize the
available storage length and provide sufficient
acceleration distance for a vehicle to reach its
merging speed from a complete stop. See section
1.4 Queue Storage Length Design on how to
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calculate the minimum storage length and section
1.6 Ramp Metering Acceleration Distance on how
to calculate the required acceleration distance.

For multi-lane metered entrance ramps, the
location of the limit line should take into
consideration the length of each lane-drop
transition taper. However, regardless of the
number of lanes, the limit line should be located a
minimum of 75 feet upstream of the 23-foot
separation point. See Figures 1-1 to 1-6 for the
typical locations of limit lines. See section 3.3
Pavement Markings for guidance on limit line
pavement markings.

The location of a limit line requires the review and
concurrence of the Caltrans District Traffic
Operations Branch responsible for ramp metering.

1.8 HOV Preferential Lanes

Placement of an HOV preferential lane at a
metered entrance ramp encourages ridesharing by
carpooling, vanpool, and transit to reduce
congestion. The HOV preferential lane at a
metered entrance ramp, as stated in Caltrans’
Deputy Directive 35-R1, should be metered. The
typical minimum vehicle occupancy requirement
for the HOV preferential lane is two persons or
more per vehicle. At some locations, a higher
minimum vehicle occupancy requirement may be
necessary. The occupancy requirement is
determined by the HOV facility on the mainline.

The HOV preferential lane is typically placed on
the left side of the entrance ramp. However,
traffic demand and operational characteristics at
the ramp entrance may dictate otherwise.

Access to the HOV preferential lane may be
provided in a variety of ways depending on the
interchange type and available storage length for
queued vehicles. Where queued vehicles in the
GP lane may block access to the HOV preferential
lane, consider providing direct or separated access.
To avoid trapping GP traffic into an HOV
preferential lane, the signing and pavement
marking at the ramp entrance should direct
motorists into the GP lane(s). Refer to Chapter 3
for HOV preferential lane signs and pavement
markings.

Similar to the GP lanes, the entrance to the HOV
preferential lane should also accommodate the
crossing of non-motorized traffic. In the design
illustrated in Figure 3-6, the HOV preferential lane
starts downstream of the at-grade intersection so
that the crossing distance for non-motorized traffic
is reduced.

Design of the HOV preferential lane at a metered
entrance ramp requires the review and concurrence
of the Caltrans District Traffic Operations Branch
responsible for ramp metering.

1.9 Converting HOV Preferential Lanes to
GP Lanes

Changes in traffic conditions, modifications of
interchanges, recurrent operational issues affecting
the local facility, or the need to further improve
mainline operations through more restrictive
metering are several opportunities to reevaluate
the need for HOV preferential lanes. Typically, an
existing HOV preferential lane may be considered
for conversion to a GP lane if the existing HOV
preferential lane is under-utilized, there is a need
for additional queue storage for the GP lanes, or an
alternate entrance ramp HOV preferential lane is
available within 1.5 miles.

Conversion of an HOV preferential lane to a GP
lane at a metered entrance ramp requires
preparation of an Exception(s) to Ramp Metering
Policy Fact Sheet, which must be concurred with
by the Caltrans Headquarters Traffic Operations
Liaison or the designated representative and must
be approved by Deputy District Director of Traffic
Operations.

1.10 Enforcement Areas and Maintenance
Vehicle Pullouts

A paved enforcement area shall be incorporated
into the design of all projects that include new or
reconstructed metered entrance ramps or
connectors.

Enforcement areas are used by California
Highway Patrol (CHP) officers to enforce ramp
metering signal violations and HOV preferential
lane minimum vehicle occupancy requirements.
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The paved enforcement area should be placed on
the right side of a metered entrance ramp,
downstream of the metering signals, and as close
to the limit line as practical to facilitate CHP
enforcement. See Figures 1-1 to 1-6 for the
typical layout and dimensions of enforcement
areas. The enforcement areas should not be placed
in gore areas or at locations that are susceptible to
objects thrown from above such as under bridge
overcrossings.

Contact the CHP Area Commander as early as
possible during the project development process,
prior to plan preparation, to discuss any
significant variations to the enforcement area
design shown in the RMDM. Variations to
enforcement area dimension or location require
the review and concurrence of the CHP and the
Caltrans District Traffic Operations Branch
responsible for ramp metering.

A paved Maintenance Vehicle Pullout (MVP)
shall be incorporated into the design of all projects
that include new or reconstructed metered entrance
ramps or connectors.

A paved MVP is used to provide a convenient
location for maintenance and operations personnel
to access controller cabinets. The MVP should be
placed upstream or next to the controller cabinets.
The MVP and the controller cabinets should be
placed on the same side of the entrance ramp so
that maintenance and operations personnel do not
need to cross live traffic to access the cabinet. At
loop entrance ramps, locate the MVP to the inside
of the loop ramp. A paved walkway should be
provided between the MVP and the controller
cabinets. See section 2.4 for a description of
controller cabinet placement. Refer to HDM
Index 107.2 and the Standard Plans H9 for the
layout and pavement structural section details of
an MVP.

The location and the design of an MVP at a
metered entrance ramp requires the review and
concurrence of the Caltrans District Traffic
Operations Branch responsible for ramp metering.

1.11 Metered Freeway-to-Freeway
Connectors

Freeway-to-freeway connectors may also be
metered when warranted. The need to meter a
connector should be determined on an individual
basis. The installation of ramp meters on
connector ramps shall be limited to those facilities
which meet or exceed specific geometric design
criteria provided in HDM Index 504.3(2)(c).
Since freeway-to-freeway connectors operate at
higher speeds and volumes, sight distances, queue
storage lengths, and advance warning devices are
even more critical.

Unless noted otherwise, the policies and standards
for freeway-to-freeway connector metering are the
same as ramp metering. The minimum number
and type of metered lanes are specified in Table 1-
1. See Figures 1-5 and 1-6 for the typical layout
of two-lane and three-lane connector metering,
respectively.

Refer to HDM Index 504.4 for more guidance on
lane width, shoulder width, lane-drop taper,
merging taper, auxiliary lane, metering, and sight
distance design.

When a freeway-to-freeway connector is
metered, an HOV preferential lane shall be
provided, and the HOV preferential lane
should be metered.

Direct HOV-to-HOV connectors may be
constructed to minimize weaving operations and
improve traffic operations.
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Figure 1-1

Typical 2-Lane Metered Freeway Loop Entrance Ramp

(1 GP Lane + 1 HOV Preferential Lane)

Y3idvl oz_mumui 120g

-]

QL0291
W¥ Iviad,

a%a 335
AIII_|| Hn.n"__HHH‘HIIHHHH\\HHHHHH—HH

N
009

HHHHHHHH‘HM

A
N
Ny
1
Y
(.
T
I
I
I
Lin
I
I
'I‘I

S .01

INIT LINDT

A i
* N

z

Z

QWS ,p

'WANY 40 T ¥3LdvHO 33S "3IWNT0A ¥NOH Mv3id
40 #Z NO d3Sv8 HION3IT 39vy0LS 3nN3IND NOIS3A ‘6

'SANVT AYVITIXNY NO VIM3LINO

NOIS3a ¥04 ((2)"¥0S XIANI WQAH 33S “Z¢ ONIQ3I30X3

S3AvAO0dN QANIVLISNS HIIM SAVMI3Y4 0L SdAVE 3FONVMINAI

ONIAN3DSY NO ¥3LVIHO d0 7S SI ANVANIA MONdl

N3HM LNIOd 3ON3IDYIANOD dAVH 3HL ONOA3IE A3AIA0Hd
39 QTNDHS 3NV AYVITIIXNY ONDOT.0001 WNWININ V '8

“(PXUDE YOS X3IANI WAH 33S
1:0G6 ONV 1:0¢ N33ML3I9 40 d3d4vL V HLIM Q3HSITdANOOOV
389 TVHS INIOd NOILV¥VYd3IS.9 3HL OGNV 3NIT
LINIT JHL N3IIML138 NDILISNVYL 4080 3NVT 3JHL |
‘'SA33IdS ANV AMLI3INDIO HOVOM¥AdY ND ONION3d3a £

‘SQUVAONVLS HLAIM
Y30TNOHS ANV 3NV dAVY d04 €'+0S X3IANI WQH 33S "9

'STIIVL30 ONIMYVA LINIW3AVd
ONY ONINOIS d04 WAAY 40 € ¥3LdvHD 33S°S

LS°€8 = L NOTLVEvd3s 9 ECARAS ENCAlAl
017291 =1 aHs .01 aHs .01
W8Z,LloE =V

,000'€ = ¥

dvOS ON

3ISON 137NI
WV IV13a.

————

- ~a

~ 'l
T ‘WONY 3HL
40 Z ¥3ldvHO NI Q3TIVL3IA LNOAVT ¥0103130 4007 33S
*ONIY3LIN dAVH ¥04 3T8ISNDASIY HONVHEE SNDILYH3dD
OI44vdL 1OIMISIA SNVHLTVO 3HL A8 AIMIIAIY 38 LSNA
SY0LO3130 INIINIVA ONV dAVY ¥04 SNOILYOOT JHL ¥

Nonbl0Zev -

"SQUVAONYLS TVYNOIS 3HL 30 AV3IMLSNMDA

V3dV IN3N30¥04N3 4HO 3IHL 31vO07 "SNOILIONOD 3LIS 1I4

DL g31snrav 39 AVWN SNDILVOOT ANV SNOISN3INIQ 3HL Lng
‘NMOHS SY (034IND3Y SI V3¥v LNIWIDHOANI dHD V °¢

"ONIY3LIN dWVY 804 379ISNDAS3Y HONvHE SNOILVY3d0

Ol44vyl LOIY1SId SNVYLVO JHL A8 G3M3IA3Y 39 LISNW dAW 3HL 40

NOILVO01 3HL '6H SNV1d QYVANVLS 33S 'SAv3H TVYNOIS JHL

40 ALITIBISIA ¥v310 HLIM ‘L3NISVO ¥3TI0MLNDO ONIN3ILIN 3HL 40
AV3IY1SdN 030v1d 38 QINOHS LI ONV Q3HIND3Y SI dAW Q3AVd V T

'SOILSIM3LOVAVHO ONVA3O ANV YNOILV¥3d0 NO

d3Svd ONIY3L3IN dAVY ¥04 318ISNOdS3Id HONvHE SNOILVY3Id0

Ol44vdl LOIM1ISIA SNVHLTVY 3HL A8 J3M3IIA3Y 38 LSNA LNIWN3IOV1d
SL1I ANV ‘a3¥IND3Y SI 3NV TWILN3I¥IA3M¥d AOH T

*S410N




April 2016

Ramp Metering Design Manual

Figure 1-2

Typical 2-Lane Metered Successive Freeway Entrance Ramps

(1 GP Lane + 1 HOV Preferential Lane)
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Figure 1-3

Typical 3-Lane Metered Freeway Diagonal Entrance Ramp

(2 GP Lanes + 1 HOV Preferential Lane)
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Figure 1-4

Typical 3-Lane Metered Freeway Loop Entrance Ramp

(2 GP Lanes + 1 HOV Preferential Lane)
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Figure 1-5

Typical 2-Lane Metered Connector
(1 GP Lane + 1 HOV Preferential Lane)
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Figure 1-6

Typical 3-Lane Metered Connector
(2 GP Lanes + 1 HOV Preferential Lane)
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CHAPTER 2
HARDWARE AND SYSTEM
INTEGRATION

2.1 Introduction

At a minimum, ramp metering hardware elements
shall include signal heads and standards, traffic
detectors, controller assemblies, advance warning
devices, and communication systems. Some
locations may require additional hardware elements.
The typical layouts of these elements for an L-9 and
a full-cloverleaf interchange are shown in Figures 2-
1 and 2-2, respectively. The placement of signal
standards, advance warning device supporting
structures, and controller assemblies must meet the
roadside clear recovery zone (CRZ) standards set
forth in HDM Topic 309. Guardrail or barrier
should be considered where ramp metering hardware
elements are placed within the CRZ. All new ramp
metering systems must be integrated into the
Transportation Management Center (TMC). Theft
prevention strategies to protect ramp metering field
hardware elements, including conductors, shall be
considered in the project development process. The
wire-theft prevention toolbox is located at:
http://traffic.onramp.dot.ca.gov/wire-theft
prevention

The ramp metering hardware and systems shown in
design plans require the review and concurrence of
the Caltrans District Traffic Operations Branch
responsible for ramp metering to determine if
additional hardware or system elements are
required before the plans are approved.

2.2 Signal Standards and Heads

2.2.1 Signal Standards

Ramp metering signals may be roadside-mounted
using Type 1 standards, or overhead-mounted using
mast arms. The signal standards should be placed
on the right side of the entrance ramp to help reduce
maintenance personnel exposure to live traffic at the
entrance of the gore area. However, Type 1
standards may need to be installed on the left side of
the entrance ramp to provide the necessary sight
distance for the approaching motorists. This
typically occurs at loop entrance ramps where the
roadway curvature limits the visibility of the
overhead-mounted signal heads located downstream

of the limit line. To evaluate the available stopping
sight distance, use the entrance ramp design speed as
the approaching speed, and assume the approaching
motorists have a 20-degree cone of vision and a
perception-response time (PRT) of 2.5 seconds, see
Section 2C.05 of the California Manual on Uniform
Traffic Control Devices (CA MUTCD). See HDM
Topic 201 for sight distance calculations. Refer to
the current version of the CA MUTCD, Section 4D
“Traffic Control Signal Features,” for the minimum
sight distance required for signal visibility.

For a single lane metered loop entrance ramp, install
one Type 1 standard on the left side of the entrance
ramp to provide the necessary sight distance for the
approaching motorists. For a single lane metered
diagonal entrance ramp, install one Type 1 standard
on the right side of the entrance ramp. However, for
certain ramp geometries (i.e., ramps with long
entrance lengths, steep grades, or limited stopping
sight distances) or metering operational
characteristics (i.e., ramps with high traffic demand,
a high percentage of truck traffic, or high
approaching speeds), it may be more appropriate to
install a mast arm standard for a single-lane entrance
ramp to enhance the visibility of the signal heads. If
a mast arm standard is selected, it should be placed
on the right side of the entrance ramp. Nevertheless,
the implementation of a single-lane metered entrance
ramp requires an Exception (s) to Ramp Metering
Policy as specified in section 1.2 “Number of
Metered Entrance Ramp Lanes”.

For a two-lane metered loop entrance ramp, install
one Type 1 standard on each side of the entrance
ramp at the limit line. For a two-lane metered
diagonal entrance ramp, install one mast arm
standard on the right side of the entrance ramp,
downstream of the limit line. Type 1 standards may
be considered if placed outside the mainline CRZ.

For a metered entrance ramp with three or more
lanes, install one mast arm standard downstream of
the limit line on the right side of the entrance ramp.
In addition to the mast arm standard, Type 1
standards should also be installed on each side of the
entrance ramp at the limit line, especially when the
sight distance to the mast arm-mounted signal heads
is limited.

Type 1 standards should be located a minimum of 12
inches downstream of the trailing edge of the limit
line and 4 feet offset from the edge of the shoulder.
A mast arm standard should be placed a minimum of
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70 feet downstream of the limit line on the right side
of the entrance ramp to minimize knock-downs.

Refer to Figures 2-3 and 2-4 for the typical
installation of Type 1 and mast arm standards,
respectively. See Figure 2-5 for the typical signal
standard placement at loop entrance ramps, and
Figure 2-6 for the typical signal standard placement
at diagonal entrance ramps.

2.2.2 Signal Heads

Use three-section signal heads for ramp metering
purposes. The three sections, arranged vertically
from top to bottom, display the red, yellow, and
green indication respectively. Programmable
visibility (PV) heads may be installed to limit the
visibility from mainline traffic. However, freeway
connectors or long entrance ramps with limited sight
distance or high-speed approach traffic may require
the use of non-PV heads for better visibility. When
a Type 1 standard is used, attach two signal heads,
one upper and one lower, to the standard. Use 12-
inch diameter sections for the upper head, and either
12-inch or 8-inch diameter sections for the lower
head. Position the upper head to face the
approaching vehicles, and the lower head to face the
vehicle stopped at the limit line. In the presence of a
concrete barrier or metal-beam guardrail alongside
of an entrance ramp where the Type 1 standard is
located, a minimum of 15 inches of clearance must
be maintained between the top edge of the
barrier/guardrail and the bottom of the signal
backplate.

When a mast arm supporting structure is used, install
one signal head with 12-inch diameter sections over
the center of each metered lane. In addition to the
signal heads mounted on the mast arm, Type 1
standards with both upper and lower heads may be
installed at the limit line to facilitate metering
operations. Sound walls or other structures may
restrict the room to place a stand-alone signal
supporting structure at an entrance ramp. Signal
heads may be mounted directly onto the structure
using a special wall-mounting design.

For enforcement purposes, install a single-section
signal head with an 8-inch diameter red section
(signal status indicator) on the backside of each
upper signal head (including those mounted on mast
arms) for each metered lane, as shown in Figures 2-
3 and 2-4.

2.2.3 Limit Line Lighting

Limit line lighting may be provided to illuminate the
limit line during pre-dawn or post-dusk hours.
Lighting standards, such as Type 15, may be used.
Refer to Caltrans’ Signal, Lighting, and Electrical
Systems Design Guide for related limit line lighting
information.

2.3 Detectors

2.3.1 General

Inductive loop detectors are used for traffic detection
at freeway mainlines, entrance ramps, and exit
ramps to gather the speed, volume, and occupancy
data necessary to monitor freeway performance and
establish metering rates. Other detection technology
may be used as long as it provides the same level of
accuracy, precision, cost-effectiveness, and
reliability. For other detection technology, consult
with the Caltrans District Traffic Operations Branch
responsible for ramp metering. For ramp metering
applications, use either Type A or Type E inductive
loop detectors at the mainline, entrance ramp and
exit ramp. However, use only one type of loop
detector for each detector station.

Each detector should be centered in each lane unless
otherwise noted. Location of the detectors shall be
adjusted to avoid transverse pavement joints or
structures. Location of the detectors should also be
adjusted to keep a minimum of 10 feet of clearance
from any manhole, water valve, or other
appurtenances located within the roadway.
Terminate the detectors in the nearest and most
appropriate ramp metering controller cabinet. Refer
to Caltrans Standard Plans for detailed configuration
and installation procedures of the various types for
loop detectors.

The preferred type, number, and locations for all
mainline, entrance ramp, and exit ramp loop
detectors require the review and concurrence of the
Caltrans District Traffic Operations Branch
responsible for ramp metering.

2.3.2 Mainline Detectors

For ramp metering operation, two mainline detectors
of the same type shall be installed in each freeway
mainline lane as illustrated in Figure 2-7. The
spacing between the two detectors shall be 20 feet
from leading edge to leading edge. If a count
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detector is installed, the mainline detectors should be
positioned aligning laterally with the count detector.
See section 2.3.6 Count Detectors. Otherwise,
position the mainline loop detectors upstream of the
entrance ramp gore nose opposite the limit line as
shown in Figures 2-1 and 2-2. The placement shall
avoid locations with varied lane width.

2.3.3 Entrance Ramp Demand Detectors

Demand detectors shall be installed upstream of the
limit line in each metered lane as shown in Figures
2-8 and 2-9, including the HOV preferential lane. A
minimum of three loop detectors shall be used for
each demand detector. Wire the demand loop
detectors in series-parallel so that the demand
detectors remain functional even when some of the
loop detectors fail. Wider loop detectors should be
considered where the lane width is greater than 12
feet, or when the vehicle’s travel path favors the
inside edge of the traveled way, such as at loop
entrance ramps.

2.3.4 Entrance Ramp Passage Detectors

A passage detector confirms the crossing of the limit
line of the metered vehicles. It also counts the
number of vehicles entering the mainline. One
passage detector shall be provided 7 feet
downstream of the limit line in each metered lane as
shown in Figures 2-8 and 2-9. Wider loop detectors
should be considered where the lane width is greater
than 12 feet, or when the vehicle’s travel path favors
the inside edge of the traveled way, such as at loop
entrance ramps.

2.3.5 Entrance Ramp Queue Detectors

For entrance ramp queue monitoring and control
purposes, install one queue detector per metered
lane, including the HOV preferential lane, when
metered. The queue detector is typically installed
near the beginning of the entrance ramp. When the
queue detector identifies a potential ramp metering
queue overflow, it activates the ‘queue override’
metering rate to shorten the length of the entrance
ramp queue.

As illustrated in Figures 2-8 and 2-9, additional
queue detectors may be deployed further along the
entrance ramp. Queue detectors may be installed in
the middle or three-quarter point of the entrance
ramp to enhance monitoring of the progression of
entrance ramp queues. Queue detectors may also be

installed at the turning pockets of connected
roadways for similar purposes.

For additional queue detectors, consult with the
Caltrans District Traffic Operations Branch
responsible for Ramp Metering. The approval of the
local highway agencies must be secured before
locating queue detectors on local roadways.

2.3.6 Count Detectors

If the entrance ramp passage detectors do not acquire
traffic count information, count detectors shall be
installed. When installing count detectors at single
lane entrance ramps, locate the count detector
downstream of the passage detector but upstream of
the 6-foot separation point, where traffic starts to
merge onto the mainline in order to capture all
entrance ramp vehicles entering the freeway. When
installing count detectors at multi-lane entrance
ramps, locate the count detector downstream of the
lane-drop taper, but upstream of the 6-foot
separation point. A wider detector may be necessary
to increase traffic count accuracy.

One additional count detector should be provided for
the HOV preferential lane. Position the detector
downstream of the HOV preferential lane passage
detector, free of interference of any GP lane traffic,
to provide an accurate count of the HOV lane traffic
entering the freeway mainline. See Figures 2-8 and
2-9 for the placement of the HOV preferential lane
count detectors.

2.3.7 Exit Ramp Detectors

As shown in Figure 2-10, one exit ramp detector per
exit ramp lane shall be installed to count vehicles
exiting the freeway mainline. The exit ramp
detectors should be positioned at the 23-foot
separation point downstream of the diverging point.
If an exit ramp bifurcates, separate loop detectors
should be installed for each exit ramp lane
immediately downstream of the bifurcation point.
Refer to Figure 2-2 for the typical detector layout at
a full cloverleaf interchange with collector-
distributor road design.

2.3.8 Detectors at Metered Connectors

A metered connector requires the same detectors as a
metered entrance ramp. A general layout of these
detectors is shown in Figure 2-11. One set of queue
detectors shall be placed near the entrance to the
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connector. Additional queue detectors may be
deployed further downstream and upstream of the
entrance. Further downstream, queue detectors may
be installed where sight distance is limited to
provide additional queue monitoring. Further
upstream queue detectors may be installed at
freeway mainlines for similar purposes.

2.4 Controller Cabinets

For each entrance ramp with ramp meters, one State-
furnished controller cabinet shall be installed to
house the State-furnished traffic controller, detector
sensor units, power distribution assembly, load
switches, and appropriate communications
equipment. All associated mainline, entrance ramp,
and exit ramp detectors should terminate into the
controller cabinet. Up to four entrance ramp lanes
can be controlled by one controller. Loop detectors
shall not be installed over 3,000 feet from the
controller cabinet.

Each controller cabinet shall be furnished with 120-
Volts Alternating Current (VAC) power service with
separate circuit breakers rated for a minimum of 30
Amperes. It is the responsibility of the Project
Engineer to perform a field review and work with
service utility entities to establish the service points.

The placement of each controller cabinet should
minimize the possibility of being hit by errant
vehicles and should meet the CRZ standards, while
allowing safe and convenient access by field
personnel. Locating the cabinets between the
entrance ramp and freeway mainline is generally
undesirable. The cabinet should be located where
the signal faces can be easily observed when work is
being performed inside the cabinet. Specifically,
position the access door to the cabinet so that when
the door is open, field personnel can see the
metering signal indications. Avoid placing cabinets
on slopes 3:1 or steeper, behind sound walls or other
similar types of structures, or areas subject to water
runoff. Refer to the CA MUTCD and Caltrans
Standard Plans for further location and installation
details. See section 1.10 Enforcement Areas and
Maintenance Vehicle Pullouts for additional cabinet
placement requirements. Refer to Deputy Directive
DD-113 and to Caltrans wire theft prevention
guidelines for cabinet security.

The exact number and location of controller
cabinets requires the review and concurrence of the

Caltrans District Traffic Operations Branch
responsible for ramp metering.

2.5 Communications

A communication system is necessary between the
ramp metering controller and a central control
system located at the TMC. The communication
system enables real-time data acquisition as well as
central control from the TMC. Fiber-optic,
microwave, radio frequencies, telephone landlines,
and leased wireless systems are all possible choices
for the communication system. Fiber-optic is the
preferred choice of communication because of its
capability to handle large amounts of data with high
transmission speed. However, at locations where
fiber-optic communication is not available or too
costly, telephone service (wireless or landline) may
be proposed.

When wireless communication is proposed, the
choice of integrated wireless communications
equipment requires the review and concurrence of
the Caltrans District Traffic Operations Branch
responsible for electrical systems.

When using analog, leased, landline phone service,
install one telephone demarcation cabinet per
telephone service point. If more than one entrance
ramp will be metered, a telephone bridge should be
installed in the ramp meter controller cabinet which
is closest to the telephone demarcation cabinet.

The telephone service requirements and the exact
location requires the review and concurrence of the
Caltrans District Traffic Operations Branch
responsible for electrical systems, in coordination
with the affected specific telephone provider
involved.

When installing network equipment for Internet
protocol (IP) addressable controllers, the
connections to fiber network and integration with
the TMC network requires the review and
concurrence of the Caltrans District Traffic
Operations Branch responsible for electrical
systems. Network security requires that all field
elements communicate with the central system via a
transmission control protocol (TCP) /IP connection.

To enable coordinated control between ramp meters
and the upstream feeding arterial traffic signals, a
communication conduit may be constructed between
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the ramp metering controller cabinet and the nearest
upstream arterial traffic signal controller cabinet.

2.6 Advance Warning Devices

Advance warning devices shall be installed at
metered entrance ramps and connectors to alert
approaching motorists when ramp meters are in
operation.

The AW-I device is either roadside-mounted or
overhead-mounted but is typically roadside-
mounted. At a multi-lane entrance ramp, roadside-
mounted advance warning devices shall be installed
on both sides of the entrance ramp.

2.6.2 Advance Warning Devices for Metered
Freeway-to-Freeway Connectors

See Chapter 3 Signing and Pavement Markings.

For entrance ramps with high approaching speeds,
use the same type and layout of advance warning
devices as those for connectors.

2.6.1 Advance Warning Devices for Metered
Entrance Ramps

To alert approaching motorists when ramp meters
are in operation, two advance warning devices are
typically used at a metered entrance ramp. The first
one, referred to as AW-I for short, is the "RAMP
METER WHEN FLASHING" (W3-8) warning sign,
as described in the CA MUTCD, with an amber
colored flashing beacon on top. The beacon flashes
whenever the downstream ramp control signal is in
operation. The other device, referred to as AW-II
for short, is the "RAMP METER AHEAD" (W3-7)
warning sign with an amber-colored flashing beacon
on top. The beacon flashes whenever the
downstream ramp control signal is in operation. See
Figure 2-12 for the installation details of the two
advance warning devices.

At the entrance to a metered entrance ramp, at least
one advance warning device, typically the AW-I,
should be positioned facing each direction of traffic
entering the ramp. Additional AW-I devices may be
deployed further upstream of the ramp entrance to
facilitate route diversion. Additional AW-II devices
may also be provided at any location between the
entrance and the limit line to alert approaching
motorists of the presence of downstream metering
signals or the presence of ramp metering traffic
queue. Refer to CA MUTCD for additional sign
design and placement guidance.

The type and number of advance warning devices
require the review and concurrence of the Caltrans
District Traffic Operations Branch responsible for
ramp metering.

On metered freeway-to-freeway connectors, high
visibility activated blank-out (ABO) signs shall be
installed for advance warning purposes.

At metered freeway-to-freeway connectors or other
high-speed facilities, activated blank-out (ABO)
signs or Extinguishable Message Signs (EMS) shall
be used for advance warning purposes. “METER
ON” and “PREPARE TO STOP” are the two
standard advance warning messages, and
respectively referred as AW-III and AW-IV for
short.

The AW-III device is installed upstream of the
entrance to a metered connector, alongside the
freeway. It should be located a minimum 500 feet
upstream of the gore point to provide sufficient
distance, as shown in Figure 2-13, for the motorists
on the freeway to decide whether to enter the
metered connector or to take different routes. To
convey a clearer message to the motorists, the
“METER ON” message may include the name and
direction of the metered connector. For example, as
shown in Figure 2-13, “210 WEST METER ON”
indicates that the connector to westbound Route 210
is metered. Additional AW-III devices may be
deployed further upstream on the freeway mainline.

The AW-1V device should be installed at the
entrance to the metered connector about 100 feet
downstream of the 23-foot separation point of the
exit gore area. The AW-IV device alerts the
motorists of the possible presence of a ramp
metering traffic queue. Additional AW-IV or AW-II
devices may be deployed further downstream of the
connector. The minimum spacing between the last
advance warning device and the limit line should be
the maximum queue length expected plus the
stopping sight distance for the approach speed of the
connector, but not less than 1,000 feet. See HDM
Topic 201 for sight distance calculations.
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The AW-III and AW-1IV devices may be either
overhead-mounted or roadside-mounted. At multi-
lane entrance ramps, install roadside-mounted
advance warning devices on both sides of the ramp.
The operation of advance warning devices must be
coordinated with metering operations. Terminate
ramp metering operations once the upstream
advance warning devices fail to function properly.

Supporting structures other than those shown in the
Caltrans latest Standard Plans require the review
and approval by Caltrans Division of Engineering
Services. The exact placement of the advance
warning devices requires the review and
concurrence of the Caltrans District Traffic
Operations Branch responsible for ramp metering.

2.7 System Integration

Newly-activated ramp metering locations should be

added to the ramp metering central system database.

Real-time data acquisition from the new locations
should be scheduled and integrated into the user
interface/map display of the central system located
in the TMC.

2.8 Temporary Entrance Ramp Meters

Temporary entrance ramp meters may be used,
especially for traffic control during construction or
special events. The temporary meters may be pre-
timed traffic signals or ramp meters installed with
partial hardware. However, their usage must satisfy
all relevant Caltrans standards, guidelines, and
specifications.

The use of temporary entrance ramp meter requires
the review and concurrence of the Caltrans District
Traffic Operations Branch responsible for ramp
metering.
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Figure 2-1

Typical Layout of Ramp Metering Elements at an L-9 Interchange
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Figure 2-2
Typical Layout of Ramp Metering Elements at a Full-Cloverleaf Interchange
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Figure 2-3
Typical Type 1 Signal Standard Installations

NOTES:

1. FOR ROADSIDE MOUNTED SIGNALS, THE UPPER HEAD
SHOULD BE ADJUSTED TO FACE THE APPROACHING
TRAFFIC: WHILE THE LOWER HEAD TO FACE THE
STOPPED TRAFFIC AT THE LIMIT LINE.

2. PROVIDE A RED STATUS LIGHT ON THE BACKSIDE DF
EACH METERING SIGNAL HEAD WITH INDICATION FACING
THE CHP ENFORCEMENT AREA,

3. USE PROGRAMMED VISIBILITY HEADS. STANDARD HEADS
MAY BE USED ON HIGH SPEED APPROACHES WHERE
SIGHT DISTANCE 1S LIMITED.

4. CONSIDER USING A SEPARATE POLE WHEN THE
R89 (CA) SERIES SIGN IS BLOCKED BY CONCRETE
BARRIERS OR OTHER OBSTRUCTIONS.

5. VARIES WITH CROSS SLOPE OF THE ROADWAY AND
SHOULDER.

UPPER SIGNAL HEAD
3-SECTION 12*
RED, YELLOW AND GREEN (D @

LOWER SIGNAL HEAD
3-SECTION 8" OR 12"
RED, YELLOW AND GREEN @ ®

10"
R83 (CA) SERIES siohs @
4'-6" En
REFER TO ES-7B
10' TALL TYPE 1 STANDARD
é_______" T T T T T = CENTER LINE OF
[ A THE ADJACENT LANE
FRONT VIEW 8" RED STATUS LIGHT @
SEE ES-4A TV-2-T
8"+ V" FOR 8" SECTIONS P
AL "
5lfa" + Yo" FOR 12" SECTIONS b = e 6" MINIVUM
\ R ]
=) ]
| e’ | 1
DRILL SIGNAL FAGE AND
ATTACH BACKPLATE WITH UPPER_SIGNAL HEAD
SELF-TAPBING AND | DCRING RED VLT OW - AND
LF- LOCK .
STAINLESS STEEL MACHINE /| GREEN (D) (3)
SCREWS AND FLAT WASHERS— " ™\__ . . .., e

8" AND 12" SECTIONS

BACKPLATE

16" MINIMUM THICKNESS
3001-14 ALUMINUM OR PLASTIC
WHEN SPECIFIED

SIDE VIEW
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Figure 2-4
Typical Mast Arm Signal Standard Installations

NOTES:

1. PROVIDE ONE SIGNAL HEAD FOR EACH METERED LANE. 4. USE PROGRAMMED VISIBILITY HEADS. STANDARD
THE SIGNAL HEAD SHOULD BE CENTERED OVER THE HEADS MAY BE USED ON HIGH SPEED APPROACHES
CONTROLLED LANE. WHERE SIGHT DISTANCE IS LIMITED.

2. PROVIDE A RED STATUS LIGHT ON THE BACKSIDE OF 5.FOLLOW THE CLEAR RECOVERY ZONE REQUIREMENTS
EACH METERING SIGNAL HEAD, WITH INDICATION FACING AS SPECIFIED IN HDM INDEX 308.1.

THE CHP ENFORCEMENT AREA.

3. ACQUIRE HEADQUARTER STRUCTURAL UNIT APPROVAL
WHEN DEVIATING FROM STANDARD PLANS ES-7C TO ES-7H.

RBY (CA) 3'-6"
SERIES SIGN

CENTER CENTER f

OF LANE Y, LANE ETW
WIDTH var ®

3-g" RBS (CA)
SERIES SIGN

A
F Y2 LANE ETW
OF LANE Ny _ WIDTH 12' LANE ¥ vir®

1-LANE ENTRANCE RAMP 2-LANE ENTRANCE RAMP

R8O (CA)
SERIES SION
= A
=
o
?
~ SEE STANDARD PLANS
= FOR POLE TYPE
ROADWAY
ETW
X ] £s

Yz LANE

| WIDTH 12' LANE 12" LANE
CENTER vAR®
OF LANE je— VAR )

3-LANE ENTRANCE RAMP

8" RED ®
STATUS LIGHT

DIRECTION OF
TRAFFIC FLOW

SECTION A-A




22

April 2016

Ramp Metering Design Manual

Figure 2-5

Typical Signal Standard Placement Detail at Loop Entrance Ramps
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Figure 2-6

Typical Signal Standard Placement Detail at Diagonal Entrance Ramps
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Figure 2-7

Typical Detector Layout for Freeway Mainline

NOTES:

1. DETECTOR LOOPS MAY BE EITHER TYPE A OR TYPE E
CENTERED IN EACH LANE.USE ONLY ONE TYPE OF LOOP

AT EACH DETECTOR STATION.

2. SEE STANDARD PLANS ES-1C, ES-5A, ES-5B, AND ES-13A FOR
LOOP CONFIGURATION AND INSTALLATION PROCEDURES.

3. SEE RMDM SECTION 2.3.2 FOR PLACEMENT OF

MAINLINE LOOP DETECTORS.

4. LOCATE THE SPLICING PULL BOX ON THE RIGHT SIDE
OF THE HIGHWAY FOR EASY MAINTENANCE.

SPLICING PULL BOX

<I>

ﬁ>

ETW
TO CONTROLLER CABINET EP
- - — - — - — - — - -E_-l P
SHOULDER | ¥
12' LANE d -
12' LANE b -
/\/ = Gl /\/
12' LANE -—
- B b ]
—20—=|
MEDIAN MEDIAN

TYPE E MAINLINE LOOP DETECTORS

SPLICING PULL BOX

f

ETW
TO CONTROLLER CABINET £p
- ne P
SHOULDER | ¥
12° LANE \:f_‘ -—
i - | —
12" LANE s || - ﬁ>
/\/ G e /\/
12' LANE 6 -—
s i
— 70—~
MEDIAN MEDIAN

TYPE A MAINLINE LOOP DETECTORS
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Figure 2-8

Typical Detector Layout for a Two-Lane Entrance Ramp

NOTES: LEGEND:
1. THE DETECTDR LOOPS MAY BE EITHER TYPE A OR n or (C) : TYPE A OR TYPE E COUNT DETECTOR
TYPE E CENTERED IN EACH LANE.USE ONLY ONE
[D] or (D) : TYPE A OR TYPE E DEMAND DETECTOR
TYPE OF LOOP AT EACH DETECTOR STATION.
[P] or B) : TYPE A OR TYPE E PASSAGE DETECTOR
2. SEE STANDARD PLANS ES-1C, ES-5A, ES-5B, AND ES-13A FOR @ OR @ : TYPE A OR TYPE E QUEUE DETECTOR
LOOP CONFIGURATION AND INSTALLATION PROCEDURES. o
c]| OR @ : TYPE A OR E HOV PREFERENTIAL LANE
T DETECT
3. LOCATE QUEUE DETECTORS AT THE ENTRANCE OF AN COUNT DETECTOR
ENTRANCE RAMP, ADDITIONAL QUEUE DETECTORS MAY EC:6-FT SEPARATION POINT
BE PROVIDED FURTHER UPSTREAM AND DOWNSTREAM # :OPTIONAL

OF THESE DETECTORS. LOCATION MUST BE REVIEWED
BY THE CALTRANS DISTRICT TRAFFIC OPERATIONS BRANCH
RESPONSIBLE FOR RAMP METERING.

4. CONSIDER MAINTENANCE SAFETY AND CONVENIENCE WHEN
LOCATING THE CONTROLLER CABINET.

SN

QUEUE DETECTOR AT THE MIDDLE
OR ¥ POINT OF THE RAMP  (3)

—
5
e

| 75'MIN. TO 23' POINT '
TO FREEWAY EC

/ SHOULDER

| |—~/_—l

— @ &7@ = < QO™ 2

4
=/ 1L
— Dl ]2
SHOULDER
-\\ // —-—%= —-® T CONTROLLER CABINET @ - — -t— - —

NG e
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Figure 2-9

Typical Detector Layout for a Three-Lane Entrance Ramp

NOTES:

1.

THE DETECTOR LOOPS MAY BE EITHER TYPE A OR
TYPE E CENTERED IN EACH LANE.USE ONLY ONE

TYPE OF LOOP AT EACH DETECTOR STATION.

. SEE STANDARD PLANS ES-1C, ES-5A, ES-5B, AND ES-13A FOR
LOOP CONFIGURATION AND INSTALLATION PROCEDURES.

. LOCATE QUEUE DETECTORS AT THE ENTRANCE OF AN

ENTRANCE RAMP. ADDITIONAL QUEUE DETECTORS MAY
BE PROVIDED FURTHER UPSTREAM AND DOWNSTREAM.

LOCATION MUST BE REVIEWED BY CALTRANS
DISTRICT TRAFFIC OPERATIONS BRANCH RESPONSIBLE FOR

RAMP METERING.

. CONSIDER MAINTENANCE SAFETY AND CONVENIENCE WHEN
LOCATING THE CONTROLLER CABINET.

A

Q

HL(

o
M|

— - —=

~-»=T0 CONTROLLER CABINET @C—

EDR:

EC : 6-FT SEPARATION POINT
% : OPTIONAL

+TYPE A OR
:TYPE A OR
:TYPE A OR
:TYPE A OR

TYPE A OR

TYPE E COUNT DETECTOR
TYPE E DEMAND DETECTOR
TYPE E PASSAGE DETECTOR
TYPE E QUEUE DETECTOR

TYPE E HOV PREFERENTIAL

LANE COUNT DETECTOR

Lo 7S'MIN. TO 23' POINT

r TO FREEWAY

T

SHOULDER

5

12

Q Q z<>0 O O] B2
>
Q| 7ef) 1) Pl
- = dr = L
@ | ©f 2 DFe-DFDFEHFls
/ _%HUULDER

/[

8

QUEUE DETECTOR AT THE MIDDLE
OR ¥ POINT OF THE RAMP @

\LIMIT LINE
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Figure 2-10
Typical Detector Layout for an Exit Ramp

NOTES: LEGEND:
1. THE DECTECTOR LOOPS MAY BE TYPE A OR TYPE E
CENTERED IN EACH LANE. USE THE SAME TYPE OF

LDOP AT EACH DETECTOR STATION.

[@ orR @ :TYPE A OR TYPE E
EXIT RAMP DETECTOR

2. SEE STANDARD PLANS ES-1C, ES-5A, ES-5B, AND ES-13A FOR
LOOP CONFIGURATION AND INSTALLATION PROCEDURES.

3. PROVIDE EXIT RAMP DETECTOR(S) AT THE 23 FEET
SEPARATION POINT CENTERED IN LANE.

4. CONNECT THE DETECTORS TO THE NEAREST
APPROPRIATE CONTROLLER CABINET.

MAINLINE

EXIT RAMP /

2F Tt

T0 CONT)
CABINET R@GLLER

SINGLE LANF EXIT RAMP

MAINLINE

EXIT RAMP /

23 =TT

MULTI LANE EXIT RAMP
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Figure 2-11
Typical Detector Layout for a Metered Connector

NOTES:

1. THE DETECTOR LOOPS MAY BE EITHER TYPE A OR TYPE E 3. LOCATE QUEUE DETECTORS AT THE ENTRANCE OF A
CENTERED IN EACH LANE.USE ONLY ONE TYPE OF LOOP CONNECTOR. ADDITIONAL QUEUE DETECTORS MAY BE
AT EACH DETECTOR STATION. PROVIDED. LOCATION MUST BE REVIEWED BY THE

CALTRANS DISTRICT TRAFFIC OPERATIONS BRANCH

2. SEE STANDARD PLANS ES-1C, ES-5A, ES-5B, AND ES-13A FOR RESPONSIBLE FOR RAMP METERING.

LOOP CONFIGURATION AND INSTALLATION PROCEDURES.

4, CONSIDER MAINTENANCE SAFETY AND CONVENIENCE WHEN
LOCATING A CONTRDOLLER CABINET.

QUEUE DETECTOR
AT THE MIDDLE
OR ¥a POINT
OF THE RAMP

LEGENDS:

[C]or (©) : TYPE A OR TYPE
[D] orR Q) : TYPE A OR TYPE
[P]or ) : TYPE A OR TYPE

E COUNT DETECTOR
E
E

[Q] R () : TYPE A OR TYPE E QUEUE DETECTOR
E
E

DEMAND DETECTOR
PASSAGE DETECTOR

oR (M) : TYPE A DR TYPE E MAINLINE DETECTOR
m OR : TYPE A OR TYPE
COUNT DETECTOR

AW : ADVANCE WARNING DEVICES
% : OPTIONAL

HOV PREFERENTIAL LANE

T
Hiprpreig
N
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Figure 2-12

Typical Advance Warning Devices

1-SECTION

SIGNAL FACE(w) — gt “ﬁ"TJEé—kgI:VPL:'—TéSHING BEACON
)
W3-8 = 5_l 3;5‘4?2?5‘3“
o METER
ON
N/ AW-TII: W88-2(CA) "METER ON" ACTIVATED BLANK-OUT
(ABO) SIGN (OVERHF AD MOUNTED)
(SEE S1-S140 FOR APPROPRIATE STRUCTURES AND FOUNDATION DESIGN).

Lyl 7'mN.
.J»_.

8'x 4'PANEL

ETW

AW-1: W3-8 + FL ASHING BEACON
(x) * WHERE EARLY MORNING OR LATE

~ 10 sSTOP_| |
AFTERNOON SUN MAYBE BEHIND THE

BEACON, A BACKPLATE MUST BE USED. AW-TV: WE3(CA) "PRFPARF TO STOP" ABO
(SEE ES-7J) (OVERHEAD MOUNTED)

——|_PREPARE

1-SECTION
SIGNAL FACE (%)

e ol

W84-4(CA)
w3-7
(36"X36") | PREPARE |
- L Ll
T L -0 |
™= l
AW-1V: WB9(CA) "PREPARE TO STOP"
i ABO_(ROADSIDE MOUNTED)
i ETW
|| s

AW-IT: W3-7 + FLASHING BEACON
(#) ! WHERE EARLY MORNING OR LATE
AFTERNDON SUN MAYBE BEHIND THE

BEACON, A BACKPLATE MUST BE USED.

(SEE ES-7J)
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Figure 2-13

Typical Advance Warning Device Layout for a Metered Connector

NOTES:

1. THE MINIMUM DISTANCE BETWEEN THE "PREPARE TO STOP"
ACTIVATED BLANK-OUT (ABO) SIGN AND THE LIMIT LINE
SHOULD BE THE MAXIMUM QUEUE LENGTH PLUS THE
STOPPING SIGHT DISTANCE FOR THE APPROACH SPEED.

2. THE LDCATIONS OF THE ADVANCE WARNING
DEVICES SHOULD BE REVIEWED BY THE CALTRANS DISTRICT
TRAFFIC OPERATION BRANCH RESPONSIBLE FOR RAMP
METERING.

METERING SIGNALS
ROUTE 210

20" MIN LIMIT LINE

3.

ABD MAY BE ROADSIDE- OR OVERHEAD-MOUNTED.
FOR MULTILANE CONNECTORS, THE ABO SHOULD BE
PROVIDED ON BOTH SIDES OF THE CONNECTORS,
IF RDADSIDE-MOUNTED.

. ABO STRUCTURE SUPPORT PLACED WITHIN THE CLEAR
RECOVERY ZONE MUST BE PROPERLY SHIELDED AS
SPECIFIED IN HDM INDEX 309.1.

12" YELLOW FLASHING BEACON
WITH BACKPLATE

(210 WEST ]
[METER ON
@

12" YELLOW FLASHING BEACON
WITH BACKPLATE

/l PREPARE |

[(TO STOP
®

12" YELLOW FLASHING BEACON
WITH BACKPLATE

RECOMMENDED

OPTIONAL

i
+.

TYPICAL LAYOUT
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CHAPTER 3
SIGNING AND PAVEMENT
MARKINGS

3.1 General Standards

All signs and pavement markings for metered
entrance ramps shall conform to the CA MUTCD,
Caltrans Standard Specifications, Caltrans Standard
Plans, and the HDM.

Exceptions to the aforementioned publications and
proposed evaluation of other signs and markings
requires the review and concurrence of Caltrans
Headquarters Traffic Operations, Office of Traffic
Engineering.

The number, size, and location of signs and
pavement markings require the review and
concurrence of Caltrans District Traffic Operations
Branch responsible for ramp metering.

3.2 Signing

3.2.1 Vehicle(s) per Green Signs

As shown in Table 3-1, the R89 (CA), R89-1 (CA),
and R89-2 (CA) signs are used to indicate the
maximum number of vehicles allowed to proceed for
each metering cycle.

When a Type 1 standard is used, attach one R89
(CA), R89-1 (CA), or R89-2 (CA) sign per standard,
3 inches below the lower signal head as shown in
Figure 2-3, or between the upper and lower signal
heads. The letter height should be at least 3 inches
to provide better visibility for the stopped motorists.
If visibility to the sign is obstructed, the sign may be
attached to a separate post. Use a R89 (CA) sign for
a single-lane metered entrance ramp. For a multi-
lane metered entrance ramp, use an R89-1 (CA) sign
for simultaneous release operations, and an R89-2
(CA) sign for staggered release operations. The
R89-3 (CA) sign, as shown in Table 3-1, may be
used at a multi-lane metered entrance ramp to
indicate an individual signal head for each lane of
traffic to reduce motorist confusion.

When a mast arm standard is used, provide one R89
(CA), R89-1 (CA), or R89-2 (CA) sign 3.5 feet

(center-to-center) to the right of each signal head. A
letter height of at least 4 inches should be used since

the sign is more than 70 feet away from the stopped
vehicles.

Table 3-1 Regulatory Signs

Sign Designation Sign Picture
STOP
HERE ON
R106 RED
RI3A (CA) ®
ON RED
RI3B (CA) ®
ON RED
R33(CA) ®
TAMTGZ PM
R33A (CA) |®
T7-9 AM
Won- 8
RS9 (CA) I CAR PER GREEN |'\
I CAR PER GREEN |
ROACH EACH LANE ]‘
(1 cAR PR GREEN]
RE2(EA THIS LANE ]‘
RIGHT LANE |
RESEH THIS SIGNAL ]‘

3.2.2 Stop Here on Red Signs

When a Type 1 standard is used, an R10-6 sign, as
shown in Table 3-1, should be installed to indicate to
the motorists where to stop. A separate sign post



Ramp Metering Design Manual

April 2016 32

may be used if the R10-6 sign does not fit between
the lower and upper signal heads, or below the lower
signal head.

When a mast-arm standard is used for a single-lane
entrance ramp, install one R10-6 sign on the right
side of the entrance ramp at the limit line to help
direct the motorists where to stop. For a multi-lane
entrance ramp, install one R10-6 sign on each side of
the entrance ramp at the limit line on separate sign
posts or on Type 1 standards. Each sign post shall
be breakaway.

3.2.3 HOY Preferential Lane Signs

As shown in Table 3-2, the HOV preferential lane
signs, such as R90-1 (CA), R91-1 (C